Research and Development (R&D) has often been cited as key to promote the development of clean technologies in both the short and long run. Robust economic performance for clean technology firms may occur in countries in which research and development is conducted by governments as well as by businesses. The goal of this paper is to examine how private and public R&D affects firm profitability. Utilizing an international data set of clean technology firms, this study finds performance of clean technology firms to be quite favorable when compared to firms in the MSCI World index. The study examines how different countries perform in these industries. Finally, the impact both corporate and public R&D have had on these firms' performance is analyzed.
Introduction
The deployment of viable clean technologies follows from a motivation to reduce greenhouse gas emissions, slow climate change and reduce dependence on foreign sources of energy. Some positive externalities include fostering job creation and promoting improvements in health, education and gender equality. Challenges in these industries remain however. While the typical energy cost for onshore wind energy amounts to 5-16 U.S. cents/kWh, offshore wind cost of energy still ranges between 15 and 23 U.S. cents/kWh in OECD countries (REN21, 2013) .
1 Other, more difficult challenges, may relate to risk-return profiles, social and environmental factors, and an overall rethinking of how energy systems are designed, operated and financed.
Public support could be key to further foster a societal move to adopt sustainable clean technologies. In fact, a number of national and regional policies in place worldwide to promote the development and use of clean technologies in general have been implemented in an 1 REN21 -Renewables 2013 Global Status Report.
increasing number of countries 2 over the past fifty years. Such policies include regulatory policies and targets, such as feed-in-tariff and biofuels targets and mandates, fiscal incentives such as capital subsidy, grants and/or energy production payment, as well as public financing in the shape of public investment, loans and grants. Strong financial performance for clean technology firms could potentially be observed in countries in which Research and Development (R&D) is undertaken by both businesses and governments. By allocating funds to promote key clean industries, governments are also choosing to foster some clean-tech industries, thereby potentially contributing to that country leading in some green industries compared to others. For example, Germany has a reputation for generating a relatively large portion of their energy from solar and wind relative to other countries. Germany achieved a record 20.8 percent of its electricity from renewable sources such as wind, solar, biomass and hydro in 2010 (Singh, 2013) . 3 Another example is China, which has excelled in the manufacture of solar panels (Oremus, 2013) . 4 Could this be due, at least in part, to the emphasis taken by these governments to support these industries?
The main points addressed by this paper are threefold: To look at how clean technologies industries have performed in the last 10 years (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (2013) (2014) , to determine how various countries fare in each of these industries, and to analyze to what extent government's involvement in specific industries promote performance of clean technologies over time, taking into account corporate R&D efforts within the industry.
2 See n.1 above for more detailed information. 3 Singh, Timon (7 Feb. 2013 ) "Germany Sets New Solar Record By Meeting Nearly Half of Country's Weekend Power Demand | Inhabitat -Sustainable Design Innovation, Eco Architecture, Green Building." Inhabitat -Sustainable Design Innovation, Eco Architecture, Green Building. N.p., n.d. <http://inhabitat.com/germany-sets-new-solar-record-by-meeting-nearly-half-of-countrys-weekendpower-demand/>. 4 Oremus, Will (7 Feb. 2013 Many studies have concentrated on analyzing the financial performance of these clean technologies investment choices (Adamson, 2008; 5 Galema et al, 2008; 6 Boulatoff and Boyer, 2009) 7 . Mallett and Michelson (2010) 8 found that there was no significant difference in financial performance between green, socially responsible firms, and general index funds overall over the 1998-2008 period. Because of the higher rate of larger capital expenditures investment, green firms' performance was further expected to improve over time (Boulatoff and Boyer, 2009; 9 Climent and Sorinao, 2011). 10 Others have analyzed the impact of R&D on firms' profitability, as well as the link between private and public R&D (Bartelsman, 1990; 11 Capron, 1992; 12 David et al., 2000; 13 Hall et al., 2010; 14 Zúñiga-Vicente et al., 2014 ) 15 , we extend our analysis to measuring the effect of public and private R&D in the clean technology industries.
To compile our sample list of firms, the holdings from 24 clean technology mutual funds and exchange traded funds were downloaded from Bloomberg. This yielded a sample of 508 firms from 34 countries. Following the widely accepted definition of clean technology 5 Adamson Gavin (Aug. 7, 2008 ) "Going Green with Mutual Funds and ETFs." Globe and Mail. 6 Galema, Rients, Auke Plantinga, & Bert Scholtens (2008) . "The stocks at stake: Return and risk in socially responsible investment." Journal of Banking & Finance, 32(12 The underlying rationale for government support through these policy measures is that scientific and technological knowledge have "public good" characteristics. These characteristics have to do with incomplete appropriability of R& D returns, high risk associated with R&D, and problems of markets tarred with incomplete information (Stiglitz, 1988) . 17 In this context, public R&D for socially desirable projects such as renewable energy sources are hoped to be complementary to private R&D, both in the short and long run, as informational spillovers from public R&D and training of new scientists and engineers might stem from public funding.
Following the model developed by David et al. (2000) 18 for understanding the impact of government R&D on private R&D, we assume that firms' investment behavior depends on the 16 Specially when considering that, as chief economist at the International Energy Agency, Dr. Fatih Birol, calculated, fossil fuel subsidies amounted to $409 billion in 2011 alone (IEA). Keeping fossil fuel energy production costs artificially low has made it more difficult even for renewable energy industries to become competitive, all else constant. It also has encouraged fossil fuel consumption, and as a result has led to further environmental damage. 17 
Where R is the level of R&D expenditure, and X may include technological opportunities, the (potential) market or line-of-business, and/or institutional and other conditions affecting the appropriability of innovation benefits. As for Z, it includes technology policy measures that affect the private cost of R&D projects, macroeconomic conditions and expectations affecting the internal cost of funds, bond market conditions affecting the external cost of funds, and/or the availability and terms of venture-capital finance, as influenced by institutional conditions. The firm's profit maximizing equilibrium is reached when the additional benefit from R&D equates its extra cost, or when MRR = MCC. This is also the level at which the optimal level of R&D investment is found (R*)
Any change in X and/or Z variables would be reflected in a shift in the corresponding MRR or MCC. For example, if we assume that government R&D provision is exogenous, then an 'injection' of public funding would shift the MCC or the MRR to the right, or both, increasing the overall optimal level of investment in the industry to say R**. 20 Similarly, direct R&D subsidies or tax incentives might lower the cost of doing research to renewable energy industries firms. It might also send a positive signal to consumers who will be more apt to demand energy from these renewable sources.
One key question in the realm of clean technology is to know to what extent R&D impacts firms' performance. Further, is this performance impacted more when R&D comes from private hands or from government entities?
The impact of R&D on profitability of firms has been analyzed for the past fifty years or so. 21 Many studies have found that public R&D often contributed less to firms' profitability than corporate R&D (see for example Bartelsman, 1990) . 22 This could stem from the type of industry studied. Typically, studies have concentrated on analyzing the impact of R&D on manufacturing firms, even though public R&D is predominantly associated with service industries, (where output is harder to measure). Further, it can be noted that often, public R&D occurs in industries considered high risk, or when there is a public good concern (Hall et al., 2010) . 23 This is particularly true for several renewable energy sources, such as offshore wind, wave and tidal energy industries.
Several studies have been conducted over the years to test the impact of public funding on private R&D investment. Of particular interest is to know whether public R&D acts as a complement to private R&D or as a deterrent (or substitute) to it. The most recent work on the topic, done by Zúñiga-Vicente, Ángel, Alonso-Borrego, Forcadell, and Gálan -Zazo (2014) , 24 is a review of the empirical literature on the relationship between public subsidies and private R&D investment over the past fifty years. Their findings indicate that differences in the results obtained from these studies are still considerable. Still, despite the heterogeneity in (a) the industry, (b) the type of public funding, (c) the country considered, and (d) the methodology used, complementarity between public and private R&D seemed to prevail. David et al. (2000) 25 also reached similar conclusions.
Data
In this paper, clean technology firms are defined as firms that directly focus on providing environmental benefits and are developing technologies to solve environmental problems. This includes the biomass, biofuels, clean tech indexes, efficiency, energy storage, fuel cells, geothermal, recycling, green chemicals, environmental building, renewable energy project developers, solar energy, and environmentally conscious transportation, water, and wind energy industries. To compile our sample list of firms, the holdings from 24 clean technology mutual funds and exchanged traded funds along with accompanying financial data were downloaded from Bloomberg in July 2011 (see Table 1 below).
From these clean technology and alternative energy mutual funds, we gathered the component firms and accompanying financial data using Bloomberg data. This yielded a sample of 508 firms from 34 countries (see Table 2 ).
The hypothesis tested is that R&D increases profitability for clean tech firms. Two different types of R&D are tested, namely private and public R&D and differences were found in the impact each had on firms' profitability. We also tested several time spans (lags) for which the impact of R&D (government, in particular) could be significant in the immediate, the short run, and the longer run.
The three individual countries with the largest sample of clean technology industries are the US (218), Canada (37) Germany, Spain, Japan, and the U.S. (these countries were chosen because of their relatively important number of firms in clean technology industries overall, as described in Table 2 ).
It is worth noting here that government R&D allocated in both these industries has been relatively stable, except in the case of the U.S. where we observe a spike in public funding in 2009. This is also true overall for other clean technology industries included in our sample.
Clean Technology industry performance in the Recent Past.
Because it typically takes time for firms to benefit from the injection of R&D overall, and as available data about public R&D in particular started in the early 1990s, we limited our analysis of clean industry firms' performance for the past 5 years (i.e. allowing enough time to see the impact of R&D on the industries). Table 3 Turning to the performance of these industries at the country level, we now look at the overall performance of clean technology firms in various countries over time. Results are summarized for the highest performing ten countries for year 1, year 3 and year 5 returns in Table 4 below.
For the 1 year return, the highest performing country was Spain with a return of 73.08%, 
Corporate Research &Development (R&D)
Turning first to the issue of corporate governance, we look at corporate R&D by industry and then by country, as summarized in Tables 6a and 6b below (see Appendix for the complete   table) . As shown in Table 6a , the degree of corporate R&D involvement in each of our clean technology industries varies, with the Wind, Solar, and Biofuels industries being the most represented (with 17, 15 and 13 countries respectively). Interestingly, the two top countries in which corporate R&D seems to be most abundant are Japan (leading in 5 industries), and the U.S. (leading in the Biofuel, Hydropower, and Transport industries). Table 6b above reveals some additional characteristics of our sample, as it describes which industry receives the most corp. R&D in each country (as well as the number of industries receiving corp. R&D in each country). Looking at Japan for example, the country that seemed to be leading in several industries (see Table 6a ), most of its Corp. R&D is allocated to the Geothermal industry (66.75%). In some countries, such as Austria, Ireland, and New Zealand, corporate R&D appears to be spent on a few industries only, while in other countries, such as Japan, the Netherlands, and the U.S., the number of industries receiving corp. R&D is more significant.
The percentage of corp. R&D receives by a given leading industry also varies greatly, from 99.56% in the Netherlands for the Wave industry (even though 8 industries are receiving corp. R&D in the country), or 99.09% for the Hydropower in Italy (6 industries represented), while others, such as the U.S. and to a lesser extent Canada, seem to experience a more evenly spread allocation of corporate R&D across industries.
It is also interesting to look at the investments specifically in sustainability relative to capital expenditures firms are making. As can been seen from Table 7 below, the battery industry comes in first with a ratio of .40. The second highest industry specifically reporting investments in sustainability is the wind industry at .11, followed by biofuels at .07 and solar at .03. It should be noted that not all firms reported this data item.
Because we are dealing with clean tech firms, one can assume that corporate research and development is in improvements in clean technology. The industry conducting the highest percentage of R&D relative to sales is biofuels with 199.67 (Table 7) . This means that the biofuels industry is investing about 2 dollars into R&D for every sales dollar earned. The solar industry and LED industry are investing about 20 cents into research and development for every sales dollar earned. Hydropower and water are investing about 14 cents into research and development for every sales dollar earned.
Finally, we look at the Corporate Governance Quotient for the clean tech firms relative to their market index (i.e., the S&P 500, Russell 2000 Index, etc.) and their industry using the 23 industry groups in Standard & Poor's Global Classification Standard (Table 8 below) . Good governance of firms is important as it helps to ensure that the R&D expenditures are utilized to their fullest extent. Effective corporate governance can ensure that R&D is actually maximizing shareholder wealth. Eccles et al. (2014) 28 for example found that the boards of directors of high sustainability companies were more likely to be formally responsible for sustainability, with these high sustainability companies then outperforming their counterparts in the long-term.
Research regarding the market value of R&D spending, both for U.S. firms (Hall et al., 2005) 29 and for firms in a number of major European countries (Hall and Oriani, 2006) 30 have been examined. Although the number of firms publicly traded on financial markets in such countries as France, Germany, and Italy is substantially smaller than in the United States or United Kingdom, such firms do account for a major share of privately performed R&D in these countries. Metrics International score is also above average at 6.69.
After having described private R&D allocated in Clean Technology industries by different countries, we now turn to the public R&D component. (Schlager and Lauer, 2000) . 31 Wave and tidal energy is still in its infancy as it faces many technical challenges still (Boulatoff and Boyer, 2015) .
Government R&D
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Historically, The Dutch have been known for their windmills and are now making significant advancements in wave and tidal energy. Surprisingly, the Wind industry only received 3.95% of these countries government R&D. This is paired with a much larger corporate R&D (as described in Table 6b above). Table 9 also highlights the significant government R&D spending in renewable energy overall for countries such as the US, Japan, Germany, France, Canada, Italy, the Netherlands and
Switzerland. This would indicate the will by many governments to be supporting renewable energy in the last 20 years. This could stem from the realization that spending more on renewable energy would benefit the environment as well as their tax base as these industries become successful. These calculations do not include government subsidies and therefore
should not be interpreted as full government support for each industry.
Turning now to Table 10 below, which describes the top three industries each country has been allocating government R&D to, the one industry which is predominantly receiving public funds across countries in that time period are LED (18.74% by Denmark to 51.69% by Finland).
Other industries receiving large public support include Solar, Biofuels, Batteries, and Wind to some extent (smaller countries typically).
That being said, countries differ in their choice of 'supported' industries. Ireland allocates all its government R&D to solar energy, while Portugal seems to have bet exclusively on wind energy (it was also the case when looking at Corp. R&D, see Table 6b above). Austria, and
Sweden have concentrated most of their efforts on LED (37.04% and 38.61% respectively), biofuels (21.17% and 21.40% respectively), and Transport (12.21% and 19.61% respectively), Except for Sweden, this is also very much in line with the picture described in Table 6b earlier.
For others, there seems to be a somewhat diversified spending pattern across industries. expenditures, in particular when it comes to public basic research (Capron, 1992) , 36 we considered the impact of R&D, which started being spent by governments 37 in the 1990s, on firms' productivity in the past 5 years.
Impact of research and development (R&D) on firms' profitability
Results of our regression estimation for our panel data can be found in Table 11 below.
Firms' profitability as measured by the net income is found to significantly depend on both corporate and government R&D. However, unlike for the corporate R&D, public support appears, at first, to have a negative impact on profitability. In the short term, it is possible that government investment in scientific advances are not felt on firm profitability, as these advances may take years to materialize and bear fruit. The impact of government R&D over time (estimated with 6 years, 20 years and 30 years lags) was also found to be significant. Further, as time passes, and as shown by the coefficients found for gov. R&D lagged 20 years and 30 years, the impact of public expenditures become positive (and the magnitude increases somewhat).
Only the 6 year lag was found to be negatively correlated with profitability. The 20 year and 30 year lagged effect of the government investment in R&D makes sense as many projects, such as pure research at university may take years before it is discovered, developed, applied and marketed. As could be expected, the type of industry (industry) was also found to be significant to some extent in determining firms' profitability. Hydropower and solar for instance were more prone to be profitable, compared to wave and tidal energy firms. The country of origin was also found to be significant in determining profitability of clean industries. It is worth mentioning that there was no significant difference in our results when using Generalized Least Square (GLS) estimation.
36 Capron, Henri (1992) Following more standard practice in financial economics, we also estimated the impact of relative corporate R&D (given by the ratio of corporate R&D expenditure to total assets) and pubic expenditure (ratio of public R&D to real GDP) on returns (1 year, 3 years and 5 years).
Tables 12a, b and c below summarize our findings.
Just like in our earlier results, corporate R&D (here relative to total assets) is found to be positively correlated with firms' returns. The short term impact of public expenditures on returns is found to be negative for one year and three year returns, but positive for both the five year returns. The longer the lags of the time public expenditures, the more positive (and significant) their impact is on returns. As a side note, it is worth mentioning here that compared to our original set of regression (Table 11 above), the overall R 2 is much lower when estimating the impact of these variables on returns, as compared to their effect on firms' profitability. The level of profitability (net income) of firms was also found to have a positive impact on corporate R&D, which would point to the endogeneity problem associated with private investors allocating R&D to the most profitable industries. Yet, profitability was negatively correlated with government R&D, which might suggest that public support is less likely to be determined based on profitability of given industries, but rather following the political will by governments to promote a given industry, maybe even taking on the task of providing support to the most risky industries (such as wave and tidal for example).
Limitations of this study include the somewhat narrow definition of public support. It would be interesting to have more precise data on government involvement in promoting different clean industries. Other factors, besides R&D, are also likely to affect clean technology firms profitability. For example, corporate R&D might be more present as a result of promising results for a given industry, and therefore results of higher performance may come as a result of this self-fulfilling promise. It would also be interesting to include in our analysis the impact of foreign direct investment (FDI).
The fact that the industries described in our sample of Clean Technology firms typically face very different risks is also something requiring further investigating. For example, the wind and tidal energy industries might attract very different types of R&D. One would expect the wind industry to attract a short run one, more likely to be private, aiming for immediate applications and short-term returns, while ocean and tidal energy sectors require and attract longer-term (and more costly, maybe even counter productive at first) R&D, which is more likely to be government sponsored. In the latter case, and even though government R&D may not lead to increased firms' net income (even with lag), its effect might be to draw private R&D.
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Conclusion
This research studies the performance of clean technology industries. Specifically, we looked at the extent to which R&D investment, both at the private (firm) and public (government) levels are beneficial to shareholders, in terms of higher profitability of the industry.
Using data on international clean technology firms our results suggest that the overall performance of clean technology firms has been quite healthy compared to firms in the MSCI World index. In particular, clean technology investments have performed better than the MSCI World Index in the most recent time period of 2013 -2014.
Looking at stock performance within each of these industries, electric cars and biofuel seem to be the highest performing industries over time. Based on stock performance over a 5year period (2009) (2010) (2011) (2012) (2013) (2014) by country, the top three highest performing countries were found to be the Netherlands, Denmark, and Canada.
Our analysis also sheds some light on the involvement of each country in clean technology firms. Not surprisingly, countries differ greatly in the sample size of clean technologies they have invested in, as well as in the mix of industries they have developed.
The three individual countries with the largest sample of green industries are the US, Canada and China. European Union member countries, together, represent 17.5% of the overall sample. Looking at the number of different countries involved in each industry in our sample, the wind and solar energy, and biofuels seem to gather most interest.
The amount of corporate R&D differs across countries by industry, and is not only a result of the country size overall. Japan for example, is most involved in the industries of electric cars, geothermal, and wind energy. In some countries, such as Austria, Denmark, and Ireland, corporate R&D is allocated only in a few (sometimes unique) industries, while in others, such as Canada, Netherlands, Italy, Japan, and the U.S., the amount of corporate R&D is spread over many different industries.
Keeping in mind that our definition of government R&D is limited to basic and applied research, and experimental development (most of which is conducted at universities and research institutions), the allocation of government R&D also varies greatly between industries and across countries. The three clean technologies predominantly receiving government R&D from 1990 to 2011 are LED, solar energy, and Batteries.
Using econometric analysis, we investigated to what extent corporate R&D and government R&D had an impact on clean technology performance. In terms of policymaking, this is an important issue, as it indirectly addresses the question of whether governments are able to help in fostering the growth of an industry. Regressions results show that corporate R&D was positively correlated to firms' performance, while government R&D was, at first negatively correlated with firms' net income. Yet, the impact of public expenditures on both profitability and returns was shown to become positive with time.
Further, a positive correlation was found between government and corporate R&D. This may suggest that corporate R&D, often a short-term oriented venture, has a positive impact on profitability of these firms and therefore should be encouraged. The negative correlation between public support (here aiming at long run impact, considering our definition of government R&D) could reflect the fact that often governments will be researching and developing high risk clean tech industries (such as offshore wind or tidal energy) which can experience poor performance for some time due to the risk. Interestingly enough, by giving an initial 'push' to these industries, public support might attract corporate R&D. July 7, 2014 -July 7, 2013 3 year return: July 7 2014 -July 7, 2011 5 year return: July 7, 2014 -July 7, 2009 10 year return: July 7, 2014 -July 7, 2004 1 yr return 3 yr return 5 yr return 
